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CHAPTER 1: GENERAL INTRODUCTION 
 
 Declines in amphibian populations have been documented worldwide (Blaustein 
and Wake 1990, Phillips 1990, Mac et al. 1998, Houlahan et al. 2001, Stuart et al. 2004). 
The IUCN Global Amphibian Assessment determined that nearly one third of amphibian 
species are vulnerable, endangered, or critically endangered globally and almost half are 
experiencing population declines, and many more species may also be in peril but lack 
enough data collected to make an assessment (Stuart et al. 2004). In Iowa the trends are 
dismal; “Without a clear-cut reversal in present trends, it is likely that in the next 50 to 
100 years less than a third of Iowa’s amphibian and reptile fauna will remain” 
(Hemesath 1998). In Dickinson county in northern Iowa, northern leopard frog 
populations in particular have declined nearly three orders of magnitude since the 1920’s 
(Lannoo 1994). 
 Concern over declining amphibian populations has resulted in nationwide 
monitoring programs such as the North American Amphibian Monitoring Project which 
was instated in 1997 to facilitate the conservation and protection of native amphibian 
assemblages. Currently, at least 17 states participate in the program which uses point 
count surveys conducted by volunteers who collect presence/absence and categorized 
abundance data for calling amphibians at three or four times throughout the year (USGS 
2004). These studies are widespread and also record environmental variables such as 
cloud cover, temperature, and wind speed. Iowa was one of the first states to implement a 
volunteer monitoring program of this sort and in 1991 adapted Wisconsin’s calling 
anuran survey program to species found in Iowa (Hemesath 1998). The data collected 
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during these surveys are valuable inventories of regional frog and toad fauna. However, 
little is done to make use of this information or to ensure that the quality of the data is 
sufficient to draw accurate conclusions (Bridges and Dorcas 2000, Genet and Sargent 
2003, Lotz and Allen 2007).  
 Amphibian population declines have been attributed to several potential causes, 
including habitat fragmentation and wetland loss due to agriculture and urbanization 
(Christiansen and Bailey 1991, Stuart et al. 1994, Delis et al. 1996, Hecnar and 
M’Closkey 1996, Houlahan and Findlay 2003), temporal wetlands replaced by permanent 
ponds (Lannoo 1994) and introduction of fish and bullfrogs that can compete with or prey 
upon anurans (Christiansen and Bailey 1991, Kiesecker 2001, Lannoo 1994, Hecnar and 
M’Closkey 1996, Monello 2006, Vredenburg and Wake 2004). Ultraviolet radiation 
(Blaustein et al. 1998, Blaustein and Bancroft 2007), pathogens (Berger et al. 1998, Lips 
et al. 2006) and harmful pollutants like atrazine (Hayes et al. 2002, Houck and Sessions 
2006) are also potential causes for declines, but see Alford et al. 2007 and Diamond et al. 
2002. It is unlikely that a single factor is responsible, and multiple causes for decline are 
believed act synergistically on amphibian populations (Bosch et al. 2007, Kiesecker and 
Blaustein 1995, Kiesecker et al. 2001, Pounds et al. 2006).  
 Habitat fragmentation and loss is a probable leading cause of amphibian declines 
in Iowa. Only 10% of Iowa’s historic ephemeral wetlands and marshes remain, the rest 
are lost primarily due to draining for agricultural and urban purposes (Dahl 1991, Lannoo 
1994, Galatowitsch and van der Valk 1998, Mac et al. 1998, Leibowitz and Vining 2003). 
Habitat fragmentation impacts amphibian populations through the direct loss of habitat 
and by inhibiting dispersal between available wetland areas. Amphibians are poor 
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dispersers (Gibbs 1993, Seburn et al. 1997, Semlitsch and Brodie 1998) and loss of 
connectivity to neighboring wetlands has been shown to decrease abundance and 
diversity (Semlitcsh 2000, Houlahan and Findlay 2003).  
 As land development ensues, more permanent water bodies such as reservoirs and 
farm ponds are created (Rubbo and Kiesecker 2004). Permanent bodies of water favor 
deep water species, and are often stocked with introduced bullfrogs and fish that prey on 
native anuran species (Schwalbe and Rosen 1988, Christiansen and Bailey 1991, Lannoo 
1994, Hecnar 1997). Jancovich et al. (2005) found sport fish can carry diseases infectious 
to anurans. In addition, remaining wetlands near agricultural and urban areas may be 
impacted by agricultural runoff in the form of pesticides, herbicides and fertilizers that 
can cause direct mortality, limit or inhibit growth and reproduction, or facilitate the 
growth and fecundity of parasites especially in permanent water bodies (Ouelett et al. 
1997, Blaustein 2003).  
 Several areas throughout Iowa are designated by public and private agencies 
including the Iowa Department of Natural Resources as conservation areas in order to 
lessen the impact of habitat loss and fragmentation on native flora and fauna, and several 
wetland restoration projects have been undertaken over the past several years to improve 
degraded areas (Fairbairn and Dinsmore 2001). However, the impact of these 
conservation efforts is generally unstudied and unknown, especially for anurans. 
 
THESIS ORGANIZATION 
 This thesis is comprised of four chapters, the first chapter provides background to 
the problem addressed by the research. Chapters 2 and 3 are papers to be submitted to 
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scientific journals, and the final chapter is a summary of the findings and implications for 
future research and anuran management. 
 The first objective of this study addresses concerns about the quality of volunteer-
collected anuran calling data. This research is presented in chapter 2. The study was 
conducted in northwest Iowa by comparing data collected during 2005 by trained ISU 
biologists in conjunction with volunteer data collected at the same sites during the same 
run periods. It evaluates the accuracy of volunteer surveys and examines the possibility 
that precise calling surveys may in fact be incomplete due to species not vocalizing 
during the survey. Visual encounter surveys were used by the ISU biologists in addition 
to nocturnal auditory surveys to include species that may have been missed otherwise. 
Visual encounter surveys have the added benefit of being able to detect amphibian larvae 
which are present for longer periods of time and provide evidence of breeding activity.  
 The third chapter used the data collected by IDNR volunteers in northwestern 
Iowa from 1991 to 2005 to determine the scale at which anuran species richness and 
densities are impacted by the amount of wetlands and conserved areas surrounding 
survey locations. Such analysis has been done with bird communities to access the 
regional and local impacts of habitat variables at various scales (Bakker et al. 2002, 
Fairbairn and Dinsmore 2001). Similar analysis has also been performed with anuran 
communities in Spain and Michigan (Bosch et al. 2004, Nogues-Bravo and Martinez-
Rica 2004, Price et al. 2004), but not in areas that are as highly fragmented as 
northwestern Iowa nor in specific regard to the impact of conserved areas. In a highly 
fragmented landscape mobility is likely to be severely impaired and the scale of 
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association with habitat variables much smaller than in regions where landscape 
surrounding habitat patches is less hostile.  
 Anne M. Johnson designed, organized and conducted ISU anuran surveys. In 
addition, Johnson analyzed the data, wrote this text and wrote the grant proposal for this 
project. Brent J. Danielson assisted in securing funding for this study, and assisted in 
statistical analysis and the methodology description of species turnover rate comparison 
between volunteer and biologist surveys. Danielson also provided invaluable guidance, 
mentoring, methodology advice and editorial feedback throughout the research and 
writing of this project. 
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CHAPTER 2: EVALUATION OF NORTHWESTERN IOWA ANURAN CALL 
SURVEYS CONDUCTED BY AMPHIBIAN MONITORING PROJECT 
VOLUNTEERS 
 
 
A paper to be submitted to Applied Herpetology 
 
ANNE M. JOHNSON AND BRENT J. DANIELSON 
Department of Ecology, Evolutionary and Organismal Biology, Iowa State University, Ames 50011 USA 
 
 ABSTRACT. –In response to widespread concerns about amphibian declines 
coupled with limited program funding, many wildlife agencies have instituted frog and 
toad call monitoring programs that utilize volunteer surveyors. Although the effort is 
widely recognized as being successful at involving members of the public with wildlife 
issues, the quality of the data and therefore inferences based on data collected by 
volunteer surveyors is often questioned. This study compared anuran presence/absence 
and categorical abundance data collected by volunteer surveyors to data collected by 
trained biologists. Volunteers surveyed using auditory survey methods, while the trained 
biologists used auditory survey methods as well as active searching that involves visual 
encounter methods at the same sites and during the same time periods as the volunteers. 
Biologist estimates of species richness for each site/time obtained by both visual 
encounter and auditory survey methods together were significantly higher than species 
richness estimates of volunteer surveys. However, volunteers reported higher overall 
species richness and abundance values when their results were compared to biologist 
auditory surveys and biologist visual encounter surveys separately. This indicates that a 
combination of survey techniques provides a more comprehensive picture of anuran 
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species assemblages than one survey method alone. Visual encounter surveys in 
particular were better than auditory surveys at detecting bull frogs (Rana catesbeiana) 
and leopard frogs (Rana pipiens/blairi/utricularia). Volunteers reported the presence of 
eastern gray treefrogs (Hyla versicolor) more frequently than the biologist surveys, but 
there was no difference in detection rates when the diploid eastern gray treefrogs were 
grouped together with the tetraploid Cope’s gray treefrog (Hyla chrysoscelis). This  
suggests that the similarity of these species makes distinguishing their calls from one 
another arbitrary. Volunteers also reported higher abundances of American toads (Bufo 
americanus) and gray treefrogs (Hyla versicolor/chrysoscelis) than did the biologists.  
 
 
INTRODUCTION 
 Amphibian population declines have been well documented globally (Blaustein 
and Wake 1990, Mac 1998, Alford et al. 2001, Stuart et al. 2004), prompting more 
intensive monitoring of amphibian populations in the United States (Nelson and Graves 
2004). Iowa was one of the first states to begin a volunteer monitoring project for anurans 
when the Iowa Department of Natural Resources (IDNR) began its volunteer-based 
annual frog and toad call survey in 1991 after a preliminary auditory survey was 
conducted statewide in 1984 (Hemesath 1998). Since then, 44 states and providences 
have become participants in the North American Amphibian Monitoring Program 
(NAAMP), a collaborative effort that began in 1996 of several agencies and volunteers 
that standardized calling surveys methods and modeled volunteer survey programs for 
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calling anurans after the North American Breeding Bird Survey (Nelson and Graves 
2004, Weir et al. 2005).  
 The IDNR survey protocol is very similar to the protocol adopted by NAAMP, as 
both were adapted from survey protocols developed in Wisconsin (Hemesath 1998, 
Nelson and Graves 2004). Each volunteer surveys several sites (point locations) as part of 
a route. In Iowa, sites are chosen by the volunteers with instruction to select sites easily 
accessible for listening and that represent a variety of wetlands using eight classifications: 
ephemeral flooded area, wet meadow, cattail marsh,  open marsh, permanent open water, 
shrub marsh, open riverine and timbered riverine. Volunteers report geographic location 
to the IDNR for sites they have chosen (IDNR, pers. comm.).  
 Identification training is provided to volunteers in the form of an instructional 
packet and cassette tape of anuran calls which they are expected to review and learn on 
their own. Recently, the IDNR has initiated a “Nature Mapping” program which provides 
a more intensive training regime through a 2-day workshop facilitating improved 
identification skills for amphibians (IDNR, pers. comm.). The hearing acuity of 
volunteers is not tested or compared among volunteers. 
 Although volunteer surveys were designed and implemented as a means of 
providing widespread inventories of anuran populations and trends to wildlife managers 
(Kelhart 2007), inferences from these data regarding population trends and site 
occupancy are called into question due to the low level of training and varied professional 
experience of the volunteers (Bridges and Dorcas 2000, Genet and Sargent 2003, Lotz 
and Allen 2007). In order to test the quality of data collected by IDNR volunteers in 
northwest Iowa, this evaluation used four highly trained biologists to survey the 
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volunteers’ sites during 2005 using auditory surveys and visual encounter surveys. 
Species presence and categorical abundances reported by surveys conducted by biologists 
were compared with results of volunteer surveys for each method and species recorded. 
 
METHODS 
Study Area.–The study area consisted of sites selected by IDNR volunteers using the 
methods described above for annual frog and toad call surveys that were within the Des 
Moines Lobe and northwest Iowa plains geologic regions or within 50 miles of Ames, 
Iowa [Figure 1]. Site coordinates were verified using 2003 infrared orthophotos and 
USGS 1:24000 topographic maps for all sites.  
 
Data Collection. 
 IDNR volunteer auditory surveys. –Eleven volunteers for the IDNR frog and toad 
calling survey program surveyed sites according to set IDNR protocols. Sites were 
surveyed after dark during warm, calm weather by listening for fifteen minutes at each 
site for calling anurans. Abundance index values of 1, 2, or 3 were recorded for species 
present, with a “1” value indicating individual calls heard with no overlap, a “2” 
indicating distinguishable individual calls with overlap, and a “3” indicating a full chorus 
of calls that were constant and continuous. Sites were surveyed once during each of three 
time periods referred to as “runs” that were designed to coincide with peak calling 
periods of Iowan anurans. The first run took place during April 1-28, the second run from 
May 6 to June 4 and the third run from June 10 to July 10. All runs took place in 2005. 
Surveys were only conducted when wind speeds were less than Beaufort scale 2 and 
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when water temperatures were greater than 10 C during run 1, 15.5 C during run 2 and 21 
C during run 3. Occasionally unfavorable weather conditions during the designated dates, 
or other unspecified reasons, caused volunteers to sample after a designated run. In these 
cases, the survey was included as part of the preceding run period for analyses.  
 All 11 volunteers had all been prior participants in the frog and toad callings 
surveys, with 2-15 years of experience in conducting the surveys. Three of the volunteers 
had completed IDNR’s nature mapping training program prior to the 2005 field season 
[Table 2].  
 Biologist surveys. –Four biologists were hired and trained to identify the 15 frog 
and toad species occurring in Iowa both visually and aurally. In April, each biologist 
underwent the same thorough 2-week visual and auditory identification skills training 
using field sites, lab specimens, field guides, slides, and audio recordings of individual 
species and species assemblages.  Tadpole and egg mass identification were included in 
the training.  Upon completion, each biologist was rigorously tested. The biologists 
correctly answered all 40 questions regarding identification.   
 Biologists conducted auditory surveys following the same protocol as the IDNR 
volunteer call surveys. IDNR volunteers were asked to contact ISU biologists 
immediately before or after completing a survey throughout the 2005 calling season so 
that biologists could survey the same site the next day in order to reduce bias in results 
due to timing. If volunteers did not report the timing of the survey, biologists surveyed 
the site during optimal weather conditions for the time period. This also resulted in some 
sites being surveyed by biologists more than once during a single run. When this 
occurred, the surveys closest in date to one another were used for comparison.  
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 Biologists also conducted visual encounter surveys during daylight at each site 
following the same guidelines as the auditory surveys for wind and temperature.  Surveys 
were conducted by first scanning shorelines with binoculars to record basking anurans 
before disturbing them. Dip nets were then used to search emergent vegetation for adult 
or larval anurans while walking along the banks of the study site. Any observed egg 
masses were not disturbed but were identified to species using morphological 
characteristics of the mass. The number of adults, recent metamorphs, estimated tadpole 
density and the total number of egg masses were recorded for each species. Each survey 
recorded site conditions following the Heyer et al. (2004) protocol for visual encounter 
surveys. 
 
Statistical Analysis. 
 Regression analysis of diversity (richness). –The total number of species observed 
at a site during a run was recorded for data collected by IDNR volunteers and ISU 
biologists. For data collected by ISU biologists, the total numbers of species were 
recorded for each survey method (auditory and visual encounter) separately and as a 
combined total to obtain one value for species richness for each site and time period. 
Total species richness values recorded for all the survey methods at each site/time can be 
found in Appendix 1.  
 Species richness values reported by IDNR volunteers were plotted against 
richness values reported by ISU biologists at the same site during the same run. When 
sites were surveyed more than once during a time period, surveys conducted temporally 
closest to one another were used for the comparison. Species richness values recorded by 
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IDNR volunteers were plotted against species richness values recorded by ISU biologists 
using both auditory and visual encounter methods and for each method alone. Plots were 
analyzed using linear regression to determine line slope and fit.  
 Comparisons of Species Presence/Absence. –The total number of site/runs where 
a species was recorded only by the volunteer auditory survey or the biologist auditory or 
visual encounter survey were tallied separately in order to identify species more likely to 
be included or missed by a particular survey method. SAS 9.1 was used to compare the 
probability of each of the survey methods of detecting each species by using the 
GENMOD procedure with a binomial distribution and data classified by site and run. 
Survey methods were compared at each site and during each run to assess differences in 
the species detection rates. Differences in means of least squares were compared between 
the survey methods and tested for significance to determine which survey methods had 
better probabilities of detection for each species.  
 Comparison of Differences in Species Composition between Volunteer and 
Biologist Surveys. –The change in species composition (analogous to β diversity) 
between IDNR volunteer data and ISU biologist data was recorded by summing the 
number of differences between species recorded by each method during each time period 
at each site. Since volunteers did not survey the same sites as one another, differences 
between volunteer survey data and biologist survey data at the same site and time were 
used for comparison between volunteers.  The biologists could potentially find a species 
the volunteers missed or miss a species that the volunteers found.  Since either form of 
error is possible, this study tested the species turnover (β) between paired samples 
wherever and whenever the volunteers and biologists sampled the same point during the 
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same time interval.  In each comparison, the average β is compared to a randomized 
resampling of the species that were collectively observed by either the biologists or the 
volunteers.  A probability that any species was observed was set to 1/S, where S is the 
number of species observed in the average sample.  This produces a pair of random 
samples corresponding to the volunteer and biologist samples.  The random samples have 
the same mean S, and β was calculated for each randomized pair.  This was repeated 
10,000 times to produce a probability distribution corresponding to the values of β if 
there were no systematic differences between the two types of samples (volunteer versus 
biologist).  The observed β was then compared to the 95th percentile of this distribution to 
determine if the two groups were different in their abilities to detect species of anurans. 
 Comparisons of Species Abundances. –Categorical species abundance values 
reported from the auditory surveys by volunteers and biologists were compared using 
SAS 9.1 GENMOD procedure with a multinomial distribution and site and run as classes. 
Comparisons between biologist and volunteer data were based on the probability of each 
survey method recording the same or a higher classification value for species abundance 
for each species. Differences in least-square means between calling index values were 
compared for the two survey sources using a χ2 test. 
 Effect of Volunteer Nature Mapping Training and Experience. –Differences 
between volunteer recorded data and biologist data were used to compare volunteers who 
had completed the IDNR’s Nature Mapping training and those who had not. The effect of 
completing Nature Mapping training on the ability to more accurately record species was 
evaluated using the same probability distribution method used for comparing the 
differences in species composition between individual volunteers and biologists. 
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 Regression analysis was used to determine whether fewer years of participation in 
the calling anuran program resulted in more species missed by volunteer surveys. A 
species was considered “missed” by a volunteer when it was recorded by a biologist but 
not by a volunteer at the corresponding site/run. 
 
RESULTS 
 
 Regression analysis of diversity (richness).   –The average number of species 
reported per site/run was 1.24 for volunteer surveys, 0.92 for biologist auditory surveys, 
0.94 for biologist visual encounter surveys (VES), and 1.52 for the combined biologist 
data (auditory and VES).  The slope of the fitted linear regression of volunteer survey 
species richness plotted against biologist auditory survey species richness for the same 
sites and times is significantly positive (p < 0.0001) with an r2 value of 0.21 [Figure 2a].  
Volunteer richness estimates were slightly less correlated with the biologists’ visual 
encounter estimates of species richness p < 0.0001, r2 = 0.15 [Figure 2b].  Species 
richness calculated from volunteer surveys show a significant positive correlation with 
the species richness values for combined auditory and visual encounter biologist surveys, 
p < 0.0001, r2 = 0.27 [Figure 2c].  
 Comparison of Individual Species Presence/Absence.  – Volunteer surveys 
reported each species’ presence significantly more often across all species than either 
visual encounter or biologist auditory survey methods alone after factoring in run and site 
effects, χ2 = 7.66, p = 0.0057 and χ2 = 11.59, p = 0.0007 respectively.  But, volunteers 
reported the presence of individual species less often than the combined survey effort 
from biologist auditory and visual encounter methods (χ2 = 7.53, p > χ2 = 0.0061).  
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Volunteer surveys reported significantly more American toads (χ2 = 7.11, p > χ2 = 
0.0077) and eastern treefrogs (χ2 = 10.55, p > χ2 = 0.0012) than did the biologist auditory 
surveys. When the species presence/absence data for eastern gray treefrogs were grouped 
with that for Cope’s gray treefrogs, there was still a significantly higher detection 
probability for gray treefrogs by the volunteer surveys than for the biologist auditory 
surveys (χ2 = 4.84, p > χ2 = 0.0278).  
Visual encounter surveys had higher rates of detection for bullfrogs and leopard 
frogs than the volunteer surveys (χ2 = 16.81, p > χ2 <0.0001 and χ2 = 16.36, p > χ2 
<0.0001, respectively). Volunteer auditory surveys reported more American toads (χ2 = 
4.79, p > χ2 = 0.0287), chorus frogs (χ2 = 9.68, p > χ2 = 0.0019), Cope’s gray treefrogs (χ2 
= 8.34, p > χ2 = 0.0039) and eastern treefrogs (χ2 = 9.08, p > χ2 = 0.0026) than visual 
encounter surveys did.  
Volunteer surveys had a significantly lower detection rate of bullfrogs and 
leopard frogs than combined auditory and visual encounter biologist surveys (χ2 = 23.73, 
p > χ2  <0.0001 and χ2 = 16.80, p > χ2 <0.0001, respectively). Eastern gray treefrog 
presence was more likely to be reported on volunteer surveys than biologist surveys (χ2 = 
9.32, p > χ2 = 0.0023). It is worth noting that tetraploid Cope’s gray treefrogs and diploid 
eastern gray treefrogs are identical in appearance and very similar in call; there was not a 
difference in detection rates between the combined auditory and visual encounter 
biologist surveys and volunteer surveys when both of these species were lumped (χ2 = 
2.61, p> χ2 = 0.1061). There were not enough observations reported of cricket frogs, 
green frogs, wood frogs, Woodhouse’s toads, or spring peepers to make detection 
comparisons of these species.  
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 Comparison of Differences in Species Composition between Volunteer and 
Biologist Surveys. –The average number of differences between the species reported by 
volunteers and by biologists for each site/run was not significantly greater than zero for 
either of the two biologist survey methods, or for the two methods combined [Table 1]. 
This indicates that no survey method reported more or fewer species than any other 
survey method. The average number of species differences between volunteer surveys 
and biologist auditory surveys was 1.18 species, p = 1. Between volunteer surveys and 
biologist visual encounter surveys the average number of differences in species reported 
for each site/run was slightly higher at 1.63 species, but still insignificant with p = 0.996. 
Species composition from both biologist methods combined compared to species 
composition reported by volunteer surveys for each site/run showed an average 
difference of 1.56 species, p = 1. 
 The total number of differences of recorded species between each survey method 
are shown in Table 4. At least 75% of volunteer surveys for each/site run have 2 or fewer 
differences in species reported by biologist surveys at the same site/run. 
  Comparison of Species Abundances. –For each site and time, volunteer surveys 
reported significantly higher species abundances than did auditory surveys conducted by 
the ISU biologists (χ2 = 6.22, p > χ2 = 0.0126). This difference was due to differences in 
abundance levels reported for eastern treefrogs and American toads [Table 3]. 
Differences between the two datasets for other anuran species were not significant 
(bullfrogs, chorus frogs, Cope’s treefrogs, cricket frogs, leopard frogs, and spring 
peepers) or it was incalculable due to low incidences of observations or no observations 
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(crawfish frogs, pickerel frogs, green frogs, Great Plains toads, plains spadefoots, wood 
frogs, and Woodhouse’s toad). When Cope’s gray treefrogs and eastern gray treefrogs 
were grouped, differences between abundances reported by biologists and volunteers for 
treefrogs became less significant (χ2 = 3.17, p > χ2 = 0.0751). 
 Effect of Volunteer Nature Mapping Training and Experience. –Variation among 
the volunteers was minimal, as there were no systematic differences between individual 
volunteers and biologists for species presence/absence data [Table 4]. There was no 
significant difference in species composition reported by ISU biologists and volunteers 
that had completed the IDNR Nature Mapping training program, (p = 0.971), or for 
volunteers that had not taken the training (p = 1.0).  
 The number of years of experience a volunteer had conducting anuran calling 
surveys did not affect the probability that the volunteer would not record a species that 
was recorded by ISU biologists for the same site and run (r2 = 0.003, p = 0.8738). 
Conversely, it also had no effect on the probability a volunteer would record a species 
that was not reported by ISU biologists at the same site and time (r2 = 0.016, p = 0.7096).  
 
DISCUSSION 
 Effective conservation of biodiversity is dependent on identifying problems 
before they become ecological “train wrecks” that are either irreversible or prohibitively 
costly to remedy (Fitzsimmons 1994). Monitoring and detecting trends in species 
abundances and richness will be essential to any successful conservation planning. To 
this end, the survey data collected by the North American Amphibian Monitoring 
Program (NAAMP) has the potential to allow cost-effective long-term and spatially 
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extensive monitoring. However, the protocol could potentially contain biases that would 
allow local or regional declines or extinction of some species to go undetected. This 
study was designed to identify such biases in hopes of avoiding them. In general, this 
study found that the volunteers’ auditory surveys were remarkably unbiased with only a 
few exceptions.  
 There were no significant differences in species composition reported by the ISU 
biologists and the volunteers. Also, volunteers reported similar abundance values as the 
ISU biologists for most species. Only two species were reported in significantly higher 
abundance categories by volunteers than the ISU biologists, eastern gray treefrogs and 
American toads.   
 The volunteers’ auditory surveys were better than our visual encounter surveys at 
detecting the presence of smaller and more vocal species including American toads, 
eastern tree frogs, and chorus frogs but showed no difference relative to the ISU 
biologists’ auditory surveys. The difference with the visual encounter surveys was most 
likely due to the difficultly in spotting and capturing smaller species for positive 
identification, especially the arboreal tree frogs which often call from thick shrub cover 
and are extremely difficult to locate.  
 The volunteers’ surveys were worse than our visual encounter surveys at 
detecting the presence of bullfrogs and leopard frogs. This was likely due to the ease of 
spotting these larger species basking in warm, shallow water even at times when they 
were not actively calling. Tadpole identification was not important in detecting species 
presence. The total number of sites leopard frogs were reported present was 62, of these 
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only 4 reported tadpoles in the absence of adults. Adult bullfrogs were observed at all 70 
sites where bullfrogs were reported. 
  Auditory surveys in northwestern Iowa may be missing the peak calling time or 
temperature for leopard frogs and bullfrogs. This warrants further investigation to 
determine peak calling periods in northwestern Iowa for these species to ensure their 
detection by volunteer auditory surveys. Detection of bullfrogs and leopard frogs can also 
be improved by the conducting visual encounter surveys late during the second run or 
during the third run in addition to the current nocturnal auditory surveys.  
 The volunteers’ surveys reported higher abundance categories for American toads 
and eastern gray treefrogs. American toads have very long calls which could lead to 
inflated index values due to increased probability of overlapping choruses and inability to 
distinguish individual calls. Disparities between abundance categories recorded for 
eastern gray treefrogs can be attributed to misidentification with Cope’s gray treefrogs, as 
there was no difference between reported abundances once these two highly similar 
species were combined and treated as a single species. Cope’s gray treefrogs are a 
sympatric species identical in physical appearance but with double the number of 
chromosomes and having a faster, higher pitched call than the eastern gray treefrog. The 
two species are easily confused, especially since pulse rate and pitch vary depending on 
temperature. At temperatures greater than 24C, the pulse rate and pitch of eastern gray 
treefrog calls are within the range of the Cope’s gray treefrog (Weir et al. 2005). 
However, temperature did not appear to play a role in probability of detection for either 
species in this study, since eastern grey treefrogs were detected at higher temperatures 
than Cope’s gray treefrogs. Further research, perhaps utilizing sound analysis software of 
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recorded calls to determine pulse rate and pitch in relation to ambient temperatures,  is 
needed to determine the accuracy of treefrog species identification by volunteer surveys. 
Until such a study can be undertaken, these two species should continue to be recorded 
separately but be grouped in analysis or data summaries. 
 Not surprisingly, a combined approach of visual encounter and auditory survey 
methods was better at species detection than using just one survey method. Volunteer 
surveys were substantiated by biologist surveys for American toads, chorus frogs, Cope’s 
gray treefrogs, cricket frogs and spring peepers. Not enough observations were recorded 
to make comparisons for green frogs, wood frogs or Woodhouse’s toads. No observations 
were made of plains spadefoots, Great Plains toads, pickerel frogs or crawfish frogs. The 
study area is on the edges of species ranges for plains spadefoots, Great Plains toads, and 
Woodhouse’s toads which typically occur to the west of the study area. It is also located 
on the edge of the ranges for green frogs, which occur to the east and south, and wood 
frogs, which are generally known to occur in more northern areas but are also found to 
the east in Wisconsin and Illinois and in extreme northeastern Iowa (Conant and Collins 
1998). Although a possible crawfish frog observation occurred in 1994 in Iowa, the 
species has not been definitively recorded in the state since the 1940’s (Hemesath 1998).  
 The pickerel frog is one species that would likely benefit by incorporating visual 
encounter surveys as part of the existing volunteer monitoring program. The study area is 
slightly west of the pickerel frog range (Conant and Collins 1998), but the resemblance of 
rare pickerel frogs to more common leopard frogs in appearance and call may have 
caused any observed to be recorded as leopard frogs. Due to the similarity of the calls of 
pickerel frogs and leopard frogs, current survey protocol requires that volunteers must 
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visually verify that a pickerel frog is present before reporting an auditory observation of 
the species. The difficulty of locating a calling frog in the dark may have prompted 
potential pickerel frog observations to be recorded as leopard frogs if visual verification 
could not be made. Biologists did record observations of pickerel frogs at a site in Cerro 
Gordo county. (This site was not included in the comparison study due to lack of 
volunteer data). The identification of this species in the field at other sites reduces the 
likelihood that biologists misidentified the species at comparison study sites. It is possible 
that pickerel frogs were not present during the 2005 field season at the study sites. 
Pickerel frogs were only observed once by volunteer surveys at the sites used in the 
comparison study from 1991-2005. That observation occurred in the year 2000.  
 There were no significant differences found between nature-mapping trained 
volunteers and biologists. This may be due to small sample size since the patterns of 
observed and missed species follows the general trends discussed above. Larger species, 
such as bullfrogs and leopard frogs, may be under represented in volunteer surveys. 
Incorrect identification seems to be driving the differences in observations between 
Cope’s gray treefrogs and eastern gray treefrogs. Only 3 of the 11 volunteers had nature 
mapping training, and the analysis consisted of just 20 pairs of surveys. All but 3 of the 
20 surveys used were conducted by 2 volunteers. ISU biologists reported the presence of 
American toads 7 times, bullfrogs 4 times, and leopard frogs 6 times when volunteers 
with Nature Mapping training reported these species absent in corresponding surveys. 
Eastern gray treefrogs were reported by nature mapper volunteers but not by 
corresponding biologist surveys 3 times.  
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 Volunteer surveys have multiple benefits, from facilitating public involvement 
and education of natural resource issues to the potential to allow cost effective long-term, 
large-scale monitoring of sensitive anuran species. However, they must be reliable in 
order to make inferences from the data. Previous studies regarding NAAMP surveys 
focused on species detectability (Bridges and Dorcas 2000, Crouch and Paton 2002, Solla 
et al. 2004, Weir et al. 2005), minimum sample size (Crouch and Paton 2002, Solla 
2004), site occupancy calculations (Royale 2004, Weir et al. 2005), or methods especially 
in regards to accurate reflection of population abundances (Genet and Sarget 2003, 
Shirose et al. 2002). This study evaluates the quality of volunteer surveys by making a 
direct comparison to surveys conducted by trained biologists at actual field sites.  
 Genet and Sargent (2003) used recordings mailed to volunteers to test volunteer 
accuracy in regards to both species presence/absence and abundance categories. They 
obtained results similar to our findings. The volunteers in that study generally identified 
species correctly, with the exception of similar sounding species such as northern leopard 
frogs and pickerel frogs. Volunteers were less precise in categorizing abundance levels. 
One problem encountered was a lack of reference to real-world information such as time 
of year or habitat type that would be available at an actual field site and would aid in the 
accurate identification of certain species.  
 Shirose et al. (1997) compared results from experienced volunteers with that of 
intermediate and novice volunteers surveying the same sites in Ontario, Canada. The 
study found precision was high (93%) between the groups, but novice surveyors tended 
to underestimate abundances. Classifications of ‘expert,’ ‘intermediate’ and ‘novice’ 
were based on the number of years the volunteer had spent conducting anuran surveys 
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and prior experience with anurans in the area, but no evaluation or test was given to 
verify observer abilities. 
 The possibility of failing to detect a species that is actually present is a real 
concern. Results from Bridges and Dorcas (2000), Crouch and Paton (2002), and Solla et 
al. (2004) are consistent with our results, particularly that ranid species such as northern 
leopard frogs, green frogs, and bullfrogs may be missed by nocturnal auditory surveys 
conducted between sunset and midnight. Crouch and Paton, and Bridges and Dorcas 
found that green frogs, bullfrogs and northern leopard frogs tend to call more frequently 
after midnight and green frogs may be missed by surveys that conclude by midnight. 
Crouch and Paton found that wood frogs and American toads have very brief active 
calling periods, and that wood frogs call primarily during daylight hours. Similarly, Solla 
et al. found that northern leopard frogs and chorus frogs also call primarily during 
daylight hours. The detection of these species is improved by including visual encounter 
surveys in addition to nocturnal auditory surveys.  
 The results of these studies are consistent with our conclusion that a combination 
of both daylight visual encounter surveys and nocturnal auditory surveys are crucial in 
accurate species detection, especially for larger ranids. Bullfrogs and leopard frogs in 
northwestern Iowa are likely under-sampled by the current nocturnal auditory survey 
protocol. Wood frogs may occur more commonly than believed in northern Iowa due to 
the high probability that current survey periods may be missing the species peak calling 
period. More research is needed to evaluate whether some areas would benefit by 
incorporating a fourth more flexible survey period to monitor wood frogs in the state.  
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 Similar comparison studies using trained biologists to survey a small sample of 
volunteer-surveyed sites can be used to validate the accuracy of volunteer surveys in 
other areas. Bridges and Dorcas (2000) suggest using automated recording systems to 
intensively sample a few sites. This would have similar results of providing means 
necessary to evaluate volunteer survey effectiveness and thoroughness, although 
recording equipment is expensive and frequent visits are required in order to collect the 
recorded data which in turn must be analyzed in a lab. The survey methods detailed in 
this study provide an efficient intermediate solution that can be used to evaluate the 
accuracy of volunteer surveys. 
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 Volunteer v. Biologist 
VES & Auditory 
Volunteer v. Biologist 
VES 
Volunteer v. Biologist 
Auditory 
Avg. β  1.56  1.65  1.18  
P value 1 0.996 1 
  
Table 1. Average number of differences between survey methods represented as β 
diversity with two-tailed p-value for comparison. 
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Volunteer 
Years of 
program 
participation 
Surveys Completed Nature Mapping training 
Observed β 
(average 
number of 
differences)  
Prob. of 
observed β, 
10,000 reiterations
1 2 3 Yes 1.67 0.164 
2 6 18  0.67 1 
3 7 10  2.4 0.886 
4 8 10  1.7 0.998 
5 9 7 Yes 3 0.388 
6 13 18  0.94 0.989 
7 13 8  2.88 0.824 
8 15 5  0.8 1 
9 15 10 Yes 2 0.996 
10 15 21  1.33 0.989 
11 15 15  1.13 0.959 
 
Table 2. Number of years of participation in the Iowa calling anuran survey program, 
number of surveys completed in 2005 at comparison study sites, and completion of nature 
mapping training for volunteer surveyors. Each volunteer was tested individually against 
biologist surveys at the same site and time. The observed beta represents the average 
number of differences in species composition were observed between the biologist 
surveys and the volunteer surveys at each site and time. The probability of observing a 
change in species composition less than or equal to beta is shown in the last column.  
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AUDITORY SURVEY 
CALLING INDEX VALUE  
0 1 2 3 
P > χ2
Biologist v. 
Volunteer 
American Toad 
     Biologist 
     Volunteer 
 
105 
92 
 
11 
16 
 
8 
11 
 
1 
6 
0.0352 
Bullfrog 
     Biologist 
     Volunteer 
 
113 
114 
 
9 
11 
 
3 
- 
 
- 
- 
0.7093 
Chorus Frog 
     Biologist 
     Volunteer 
 
104 
99 
 
5 
13 
 
7 
10 
 
9 
3 
0.6958 
Cope’s Treefrog 
     Biologist 
     Volunteer 
 
110 
109 
 
9 
5 
 
4 
6 
 
2 
5 
0.7151 
Crawfish Frog 
     Biologist 
     Volunteer 
 
125 
125 
 
- 
- 
 
- 
- 
 
- 
- 
- 
Cricket Frog 
     Biologist 
     Volunteer 
 
97 
96 
 
9 
10 
 
12 
9 
 
7 
10 
0.8348 
Eastern Treefrog 
     Biologist 
     Volunteer 
 
119 
103 
 
2 
6 
 
3 
10 
 
1 
6 
0.0019 
Great Plains Toad 
     Biologist 
     Volunteer 
 
125 
125 
 
- 
- 
 
- 
- 
 
- 
- 
- 
Green Frog 
     Biologist 
     Volunteer 
 
125 
125 
 
- 
- 
 
- 
- 
 
- 
- 
- 
Leopard Frog 
     Biologist 
     Volunteer 
 
116 
110 
 
8 
13 
 
1 
2 
 
- 
- 
0.2040 
Pickerel Frog 
     Biologist 
     Volunteer 
 
125 
125 
 
- 
- 
 
- 
- 
 
- 
- 
- 
Plains Spadefoot 
     Biologist 
     Volunteer 
 
125 
125 
 
- 
- 
 
- 
- 
 
- 
- 
- 
Spring Peeper 
     Biologist 
     Volunteer 
 
123 
121 
 
2 
2 
 
- 
2 
 
- 
- 
0.3841 
Wood Frog 
     Biologist 
     Volunteer 
 
124 
125 
 
1 
- 
 
- 
- 
 
- 
- 
- 
Woodhouse’s Toad 
     Biologist 
     Volunteer 
 
125 
125 
 
- 
- 
 
- 
- 
 
- 
- 
- 
 
Table 3. Number of biologist surveys and volunteer surveys at each calling index value, 
which indicates: 1) individual calls with no overlap; 2) overlapping calls but with 
individuals distinguishable; and 3) overlapping calls without distinguishable individuals.  
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Number of 
Differences  
Volunteer v. Biologist 
VES & Auditory 
Volunteer v. Biologist 
VES 
Volunteer v. Biologist 
Auditory 
0 35 28.00% 46 36.80% 31 27.43% 
1 26 48.80% 30 60.80% 26 50.44% 
2 42 82.40% 34 88.00% 29 76.11% 
3 11 91.20% 11 96.80% 11 85.84% 
4 7 96.80% 3 99.20% 13 97.35% 
5 3 99.20% 1 100.00% 3 100.00% 
6 1 100.00% 0 100.00% 0 100.00% 
 
Table 4. Number of differences in species recorded (presence/absence) between survey 
methods. Percentages indicate the cumulative percent of the total number of surveys for 
increasing numbers of species differences between surveys, n = 125. 
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Legend
ñDes Moines
nmAmes
# 2005 Comparison Study Sites
Study Area
Ames 50 mile buffer
Geologic Landforms
Des Moines Lobe
Iowan Surface
Loess Hills
Missouri Alluvial Plain
Northwest Iowa Plains
Sioux Quartizite
Southern Iowa Drift Plain  
 
Figure 1. Study sites used for comparison between volunteer and biologist surveys. Sites 
were selected by DNR volunteers as part of their frog and toad survey routes and 
surveyed at least once during 2005 by biologists and DNR volunteers in the same time 
period. Sites are within 50 miles of Ames, Iowa, or within the geologically recently 
glaciated Des Moines Lobe and Northwest Iowa Plains geologic regions in northwest 
Iowa.
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Volunteer v. biologist auditory surveys 
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Volunteer v. biologist visual encounter surveys 
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Volunteer v. biologist combined surveys
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Figure 2. Total number of species recorded by biologist and volunteer surveys. The 
number of surveys at each coordinate are indicated by the data labels and by dot size. a.  
volunteer survey species richness compared to biologist auditory surveys. b. volunteer 
survey species richness compared to biologist visual encounter surveys. c. volunteer 
survey species richness compared to biologist visual encounter and auditory surveys 
combined.  Bubble size and the label for each bubble refer to number of samples. 
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Appendix 1. Anuran species richness 2005 for volunteer surveys, biologist auditory 
surveys, biologist visual encounter surveys, and the combined richness for each site/time 
from both biologist survey methods.  
 
Anuran species richness 
 Volunteer Data Biologist Data 
Site Run Auditory Auditory VES Combined 
Site 1 2 1 0 1 1 
Site 2 2 1 1 1 2 
Site 3 2 1 3 3 4 
Site 3 3 2 2 2 2 
Site 4 1 0 0 0 0 
Site 4 2 0 0 2 2 
Site 4 3 1 0 1 1 
Site 5 3 2 1 0 1 
Site 6 2 2 0 1 1 
Site 7 1 2 3 4 5 
Site 7 2 1 1 0 1 
Site 7 3 0 0 1 1 
Site 8 2 3 0 1 1 
Site 8 3 0 2 2 3 
Site 9 2 5 1 2 3 
Site 9 3 3 3 0 3 
Site 10 2 3 1  1 
Site 11 1 1 0 0 0 
Site 11 2 0 1 0 1 
Site 11 3 1 0 1 1 
Site 12 2 0 0 0 0 
Site 13 1 3 0 0 0 
Site 13 2 3 2 2 4 
Site 13 3 3 1 2 2 
Site 14 1 0 0 0 0 
Site 14 2 0 0 1 1 
Site 14 3 0 0 0 0 
Site 15 2 1 1 1 2 
Site 15 3 1 0 0 0 
Site 16 1 3 0 1 1 
Site 16 2 3 1 3 3 
Site 16 3 3 3 3 4 
Site 17 2 4 1 0 1 
Site 17 3 1 1 2 3 
Site 18 1 0 0 0 0 
Site 18 2 1 0 0 0 
Site 18 3 0 0 0 0 
Site 19 2 1 2 1 2 
Site 19 3 1 1 2 3 
Site 20 1 1 3  3 
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Anuran species richness 
 Volunteer Data Biologist Data 
Site Run Auditory Auditory VES Combined 
Site 20 2 2 1 0 1 
Site 20 3 1 0 0 0 
Site 21 2 2 1 3 4 
Site 21 3 2 2 2 2 
Site 22 2 0 1 1 2 
Site 22 3 0 1 2 2 
Site 23 2 0 0 2 2 
Site 23 3 0 2 0 2 
Site 24 2 3 2 0 3 
Site 24 3 2 2 4 4 
Site 25 2 3 3 2 3 
Site 26 3 4 3 2 4 
Site 27 2 1 1 0 1 
Site 27 3 2 0 0 0 
Site 28 3 2 3 1 3 
Site 29 2 2 2 0 2 
Site 30 1 0 0 1 1 
Site 30 2 0 0 0 0 
Site 30 3 0 0 0 0 
Site 31 1 1 3  3 
Site 31 2 3 1 0 1 
Site 31 3 0 0 1 1 
Site 32 1 0 3  3 
Site 32 2 2 0 0 0 
Site 32 3 0 0 0 0 
Site 33 1 1 1  1 
Site 33 2 3 1 0 1 
Site 33 3 1 0 1 1 
Site 34 2 3 1 1 2 
Site 34 3 2 1 1 1 
Site 35 2 3 3 3 5 
Site 36 1 0 0  0 
Site 36 2 0 0 1 1 
Site 36 3 0 0  0 
Site 37 3 0 0 0 0 
Site 38 2 1 2 2 3 
Site 38 3 3 3 1 4 
Site 39 3 0 2 1 2 
Site 40 1 0 0 0 0 
Site 40 2 0 0 0 0 
Site 40 3 0 0 0 0 
Site 41 2 4 2 3 4 
Site 41 3 3 1 2 2 
Site 42 2 3 1 3 4 
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Anuran species richness 
 Volunteer Data Biologist Data 
Site Run Auditory Auditory VES Combined 
Site 43 1 3 2  2 
Site 43 2 2 1 1 1 
Site 43 3 0 1 1 2 
Site 44 2 2 0 3 3 
Site 44 3 0 1 2 2 
Site 45 2 2 2 0 2 
Site 45 3 3 2 1 3 
Site 46 2 0 0 2 2 
Site 46 3 2 3 2 4 
Site 47 1 0 0 0 0 
Site 47 2 0 0 0 0 
Site 47 3 0 0 0 0 
Site 48 1 1 1 0 1 
Site 48 2 3 0 1 1 
Site 48 3 2 1 1 2 
Site 49 2 0 1 0 1 
Site 50 2 1 2 2 3 
Site 51 1 0 2  2 
Site 51 2 3 0 2 2 
Site 51 3 0 0 0 0 
Site 52 1 0 0 0 0 
Site 52 2 0 0 0 0 
Site 52 3 0 0 0 0 
Site 53 1 1 0  0 
Site 53 2 1 0 0 0 
Site 53 3 0 0 0 0 
Site 54 2 1 0 0 1 
Site 54 3 2 2 2 4 
Site 55 2 3 5 1 5 
Site 56 1 0 0 0 0 
Site 56 2 0 0 0 0 
Site 56 3 0 0 2 2 
Site 57 1 0 0 0 0 
Site 57 2 1 0 0 0 
Site 57 3 0 0 0 0 
Site 58 1 1 3  3 
Site 58 2 2 0 0 0 
Site 58 3 0 0 2 2 
Site 59 1 2 2  2 
Site 59 2 0 0 0 0 
Site 59 3 0 0 0 0 
 
 
41 
CHAPTER 3: EFFECT OF WETLANDS AND CONSERVED AREAS ON 
ANURAN ABUNDANCE AND DIVERSITY 
 
 
A paper to be submitted to Applied Herpetology 
 
ANNE M. JOHNSON AND BRENT J. DANIELSON 
Department of Ecology, Evolutionary and Organismal Biology, Iowa State University, Ames 50011 USA 
 
ABSTRACT. –The ability to conserve species richness is dependent on understanding the 
spatial scale of species assemblages. In addition, species richness is limited by the 
regional context. This study examines the response of anuran richness and abundance to 
conserved wetlands at various spatial scales. Species richness at a site was dependent on 
the amount of wetland within only 200 m although analyses extended to 12,000 m. For 
the larger two species in the study, leopard frogs (Rana pipiens, R. blairi, R. utricularia) 
and bullfrogs (Rana catesbeiana), abundances were also positively correlated with the 
amount of wetland available within 200 meters, with leopard frogs being most responsive 
to the amount of conserved emergent vegetation marsh and bullfrogs to the amount of 
freshwater water pond habitat at this distance. Other smaller species, chorus frogs 
(Pseudacris triseriata), American toads (Bufo americanus), gray treefrogs (Hyla 
versicolor/chrysoscelis) and cricket frogs (Psuedacris triseriata), showed responses in 
abundance to wetlands within only 100 meters. 
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INTRODUCTION 
 Amphibians are declining globally (Blaustein and Wake 1990, Mac et al 1998, 
Stuart et al. 2004). Iowa is no exception to the worldwide trend.  Conservative estimates 
of declines in abundance for some species may be as much as 2-3 orders of magnitude 
during the past hundred years (e.g., Lannoo 1994, 1998, 2005). Hemesath (1998) states 
“without a clear-cut reversal in present trends, it is likely that in the next 50 to 100 years 
less than a third of Iowa’s present amphibian species will remain.”  
 Northwestern Iowa includes the geologic landforms of the Northwest Iowa Plains 
and the Des Moines Lobe; in particular the Des Moines Lobe is the most recently 
glaciated landform in Iowa (Late Pleistocene) and consists of landscape most notably 
characterized by prairie pothole complexes. The northwest Iowa Plains consists of wind-
deposited loess.  The rich sediment deposits in both these regions are very conducive to 
productive cropland. As a result, 90% to 98% of pre-settlement wetlands have been lost 
to urbanization and agriculture (Lannoo 1994, Galatowitsch and van der Valk 1998, Mac 
et al. 1998, Leibowitz and Vining 2003). In addition to direct habitat loss, the diminishing 
wetlands also result in less connectivity and fewer chances for movement of anurans 
between remaining wetlands. 
 The response to increasing awareness about wetland loss and amphibian declines 
has been wetland conservation and restoration and national anuran call monitoring 
programs. Until recently, design and planning for wetland acquisition and restoration 
projects has overlooked non-game species such as anurans. Instead, management has 
primarily favored migratory waterfowl, which are capable of using wetlands that can be 
spaced miles apart from one another (Fairbairn and Dinsmore 2001).  Some less mobile 
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birds have been found benefit from more closely clustered fragments of habitat (Bakker 
et al. 2002). Anurans are even more limited than birds in their ability to disperse and 
migrate great distances.  
 Globally, the diversities of anuran communities have been shown to respond to 
many factors such as upland habitat quality (Semlitch and Bodie 2003, Rittenhouse and 
Semlitsch 2007), hydroperiod (Weyrauch and Grubb 2004),  isolation and other 
landscape measures of suitable habitats, (e.g., Weyrauch and Grubb 2004, Gibbons et al. 
2005,  van Buskirk 2005, Cushman et al. 2006, Scheffer and van Geest 2006).  In Iowa, 
the responses of anurans to habitat variables including urbanization have been studied in.   
 Although other studies of amphibian populations in Iowa have focused on 
landscape components and other variables within set distances Iowa (e.g., Knutson et al. 
1999, Pillsbury 2006), optimal spatial scales for anuran management in Iowa have not 
been addressed nor impact on anuran species richness and abundance. Following the 
principle that greater has the basic issue of whether lands managed for conservation 
purposes are having an land area can sustain greater diversity, larger tracts of conserved 
wetlands are expected to sustain greater anuran diversity up to the maximum number of 
species present in the regional species assemblage. Since anuran dispersal and range are 
limited (Gibbs 1993, Seburn et al. 1997), the spatial scale at which conserved areas affect 
richness and abundance should be similarly limited. A spatial decay should also be 
evident as the amount of wetlands will have less influence on species abundance and 
richness at further distances from the survey site.  
 Within the maximum spatial scale at which habitat variables influence local 
species richness, we hypothesize that greater amounts of wetlands will operate in an 
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asymptotic fashion with species richness increasing as the amount of wetlands 
surrounding the study sites increases. Once the maximum regional richness is reached, 
increased amounts of wetlands can have no effect on site richness.  
 Thus, the goals of this study are to determine the spatial extent of the regional 
landscape that influences local anuran populations and communities and to determine if 
there is an asymptotic amount of wetlands in the regional landscape that produces the 
maximum local species richness. 
 
METHODS 
Study Area 
 
 The study area consisted of 365 sites selected by IDNR volunteers as part of the 
ongoing annual frog and toad call survey program that were within the Des Moines Lobe 
and northwest Iowa plains geologic regions or within 80 kilometers of Ames, Iowa 
[Figure 1]. All site coordinates were verified using 2003 infrared orthophotos or USGS 
1:24000 topographic maps.  
 
Data Collection 
 IDNR volunteer auditory surveys. –Volunteers for the IDNR frog and toad calling 
survey program surveyed 365 different sites from 1991 to 2005 according to set IDNR 
protocols that were adapted to Iowa’s species assemblage from Wisconsin’s calling frog 
and toad program (Hemesath 1998). Not all sites were surveyed each year, however. Sites 
were surveyed after dark during warm, calm weather by listening for fifteen minutes at 
each site for calling anurans. Abundance index values of 1, 2, or 3 were recorded for 
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species present. A “1” value indicates individual calls were heard with no overlap; a “2” 
indicates distinguishable individual calls with overlap; and a “3” indicates a full chorus of 
calls that were constant and continuous. Sites were surveyed once during each of three 
time periods referred to as “runs.” Runs were designed to coincide with peak calling 
periods of Iowan anurans. The first run takes place April 1-28, the second May 6-June 4, 
and the third June 10-July 10.  At times, unfavorable weather conditions during the 
designated dates, among other reasons, caused volunteers to sample outside of the 
designated run periods.  In these cases, the surveys were included as part of the preceding 
run period for analysis. Anuran richness for a site was determined using the cumulative 
species richness from surveys conducted during all three runs. Sites that were not 
surveyed during each of the three designated runs were excluded from the analysis. A 
small number of samples were excluded from the analysis (49 of 1658 total site/years) to 
eliminate bias due to being surveyed more than once during a run.  
 Anuran richness at a site in a given year was described as the cumulative number 
of frog and toad species observed at sites that had been surveyed 3 times, once during 
each run period within that year. Abundance levels for each species were considered to 
be the maximum index values recorded for each year at sites that had been surveyed 
during each of the 3 run periods for that year. Only species with greater than 300 
observations were used in the analysis [Table 1]. Cope’s gray treefrogs (Hyla 
chrysoscelis) and gray treefrogs (Hyla versicolor) were grouped together for analysis due 
to the difficulty in distinguishing the two species as they are morphologically similar, and 
the likelihood that volunteers misidentify the species is high (Chapter 2). Because reliable 
auditory discrimination is difficult, we did not distinguish between leopard frog species, 
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although three species (northern leopard frog (Rana pipiens), southern leopard frog (Rana 
utricularia), and plains leopard frog (Rana blairi)) may occur in the study area (Conant 
and Collins 1998). Six species were included in the analysis of the effect of wetland and 
conserved areas on abundance: chorus frogs (Pseudacris triseriata), American toads 
(Bufo americanus), leopard frogs (Rana pipiens/blairi/utricularia), treefrogs (Hyla 
chrysoscelis/versicolor), cricket frogs (Acris crepitans), and bullfrogs (Rana 
catesbeiana).   
 
 Geospatial Data. –Geospatial data used in the analysis was provided by the 
IDNR, the Iowa Geographic Information Council and the University of Iowa Geologic 
Information Systems Support and Research Facility.  National Wetland Inventory (NWI) 
data (averaging 30 m resolution) for northwest Iowa was developed and maintained by 
the U.S. Fish and Wildlife Service and provided through the IDNR (Paul 1998).  IDNR 
classifications of NWI wetlands as emergent vegetation marshes, forested marshes, 
freshwater ponds, lakes and rivers were used for our analyses [Table 2]. Land 
management data describing lands managed for conservation purposes in Iowa were 
originally developed for use in the GAP analysis program and were obtained through the 
Iowa State Geologic Information Systems Support and Research Facility. These lands are 
referred to as “conserved lands” for this study. Geologic landform, cities and towns, 
roads and rivers datasets were provided through the Iowa Geographic Information 
Council.  
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Geoprocessing 
 Site and Route Buffers. –ArcGIS 9.1 was used for all geoprocessing, with all 
layers projected in the North American datum 1983. Individual sites were buffered at 
100, 200, 500, 1000, 2000, 3000, 5000, 8000 and 12000 meters. Because sites can be 
close together, which results in extensive overlap among the larger buffers [Figure 2], we 
also analyzed “routes” (combined sets of points that were sampled on a single night by a 
single observer in sequential fashion) to assess  the influence of larger spatial scales.  
This reduced, but did not completely eliminate, the overlap among the larger buffers 
surrounding samples. Routes were modified to reflect the year-to-year changes in the 
number of sites that were surveyed, since not all sites belonging to each route were 
surveyed each year. Routes were buffered using the same buffer distances as for sites. 
 Conserved lands and NWI datasets were intersected with site buffers to produce 
shapefiles containing the area of all wetlands and conserved areas within each of the 
buffer distances from sites and routes [Figure 2]. Areas of conserved lands or wetlands in 
smaller buffers were subtracted from the areas of wetlands in larger buffers to obtain the 
total areas of wetlands or conserved areas in buffer rings. This allows the impact of 
wetlands or conserved areas at further distances from the site or routes to be gauged 
without regard to impact from wetlands or conserved areas closer to the sites. NWI 
wetlands in site buffers were intersected with conserved lands in site buffers to produce a 
dataset containing only wetlands in lands managed for conservation, i.e. “conserved 
wetlands.” 
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Statistical Analysis 
 ANOVA of Wetlands, Conserved Areas, Anuran Diversity and Abundance. –The 
MIXED procedure in SAS 9.1 was used to determine the regression coefficients for the 
effect of conserved areas and wetlands at various buffer distances on anuran richness and 
abundances. The individual sites and the year of the survey were used as random 
variables in the model to incorporate any inherent temporal and spatial variation. The 
procedure was similar for routes. Routes and years were used as the random variables and 
the cumulative number of anuran species observed for each route in a given year as the 
response variable. Since routes with greater numbers of sites also tended to have greater 
numbers of species due to increased sampling effort, the number of sites per route was 
also included as a random variable in the route model. The model was run for all 
wetlands. The analysis was then performed for each wetland type as classified by the 
IDNR [Table 1] in order to determine which ones had the most impact on species 
richness and abundances. A stepwise approach was used based on the assumption that 
wetlands or wetlands within conserved lands (conserved wetlands) in increasing buffer 
distances would have a cumulative effect on site responses. The presumption is that there 
cannot be a response to a particular variable in distant buffers without a response to the 
same variable in closer buffers. Thus, the models were run first using the areas of all 
wetlands and conserved wetlands within the 100-m buffers as the only explanatory 
variable.  If the regression coefficient was found to have a significant effect on the 
response of richness or abundance, the percentage of wetland area for the next buffer was 
added to the model and analyzed for significance. This process was repeated until the 
regression coefficient for the buffer added to the model last was no longer a statistically 
49 
significant source of explanatory power at 90% confidence for anuran diversity or 
abundances.   
 
RESULTS 
All Wetlands 
 The total amount of wetlands within a buffer was positively correlated with 
species richness, leopard frog abundance and American toad abundance to 100 meters. 
When only conserved wetlands were considered in the analysis, species richness was 
positively correlated to 200 meters and both leopard frog and American toad abundances 
remained positively correlated with the amount of conserved wetlands to 100 meters. 
Bullfrogs showed a negative correlation with conserved wetlands at 100 meters [Table 3].  
 
Emergent Vegetation Marsh 
 When individual types of wetlands were incorporated into the analysis, the 
amount of emergent vegetation marsh within the 100 meter buffer was positively 
correlated with more species than any other wetland type. Chorus frog, leopard frog and 
American toad abundances showed a positive relationship with the amount of emergent 
vegetation marsh, as did overall species richness. Chorus frog and American toad 
abundances were correlated with the area of emergent marsh to 100 meters, while species 
richness and leopard frog abundances showed a significant and positive correlation to 200 
meters. The relationships were the same even when only emergent vegetation marshes in 
conserved lands were taken into consideration.  
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Forested Marsh 
 Treefrogs and cricket frogs were positively correlated with forested marshes to 
100 meters, while American toad abundance was negatively correlated at 100 meters. 
When only forested marshes in conserved lands were considered, species richness, chorus 
frog abundance and American toad abundance were negatively correlated at 100 meters 
and treefrogs were positively correlated.  
 
Freshwater ponds 
 Freshwater ponds had its strongest effect on bullfrog abundance, since a positive 
correlation was shown to 200 meters for both the total amount of freshwater ponds and 
freshwater ponds occurring just on conserved lands. Leopard frogs also showed a 
relationship with freshwater ponds, but only with those occurring in conserved areas. The 
relationship was positive at 100 meters, negative at 200 meters and again positive at 500 
meters. Species richness and cricket frog abundances were positively associated with 
freshwater ponds at 100 meters. Species richness was positively correlated with 
conserved freshwater ponds at 100 meters. Cricket frog abundance showed no 
relationship with conserved freshwater ponds. 
 
Lakes 
 The amount of lake area in a buffer was generally positively correlated with 
species richness and abundances to 100 m, except for chorus frogs and treefrogs for 
which no correlation with lakes was apparent. The correlations were the same for total 
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lake area and for conserved lakes only, except leopard frogs showed a positive 
relationship with total lake area to 200 meters. 
 
Rivers 
 Rivers were negatively associated with species richness, chorus frog and leopard 
frog abundances to 100 meters. The relationship was the same for total river area as for 
conserved rivers, with the exception that leopard frogs showed no correlation to 
conserved river area.  
 
Saturation effects of wetlands on diversity 
 We expected an asymptotic relationship between the amount of wetlands and the 
local species richness; however, neither total proportions of all wetlands nor total 
proportions of conserved wetlands within 200 m of our sample points had any obvious 
effect, asymptotic or otherwise, on total species richness [Figure 3].  Similar results were 
observed for species abundances.   
 
DISCUSSION 
 Other studies examining the spatial scale of landscape effects on amphibians have 
found that relatively small scales have the greatest impact on amphibian species 
assemblages. Nogues-Bravo and Martinez-Rica (2004) found no effect of landscape 
factors on amphibian assemblages in the highly heterogeneous and partially mountainous 
Navarra region in north central Spain at the smallest scale of their data resolution, 10 
kilometers. Price et al. (2004) found that habitat variables influenced anuran distributions 
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at 3000 meters in coastal wetlands along the Great Lakes in Michigan, while Bosch et al. 
(2004) found that amphibian assemblages in alpine grasslands in central Spain were most 
related to habitat characteristics at a scale of 75 meters.  
 Price et al. considered models using habitat variables as predictors of species 
occurrence even if the variables did not predict abundances at smaller distances, but used 
a similar stepwise regression process and obtained congruent results for the most part 
with our study at 100 meters. In general, 1 kilometer is an accepted average dispersal 
distance for most amphibians (Gibbs 1993). It is frequently used as a standard scale for 
anurans regardless of species involved or landscape attributes that may enhance or inhibit 
movement. Knutson et al. used this 1 kilometer standard in their 1999 study regarding the 
effects of landscape level characteristics on anuran species richness and abundances in 
Iowa and Wisconsin and did not consider smaller or larger scales in the analysis. 
 In northwestern Iowa, the scale at which anuran species richness and abundances 
are most influenced by surrounding habitats to be even smaller than indicated by spatial 
scale studies conducted in other regions. Only the largest anurans included in the study, 
leopard frogs and bullfrogs, were influenced by habitat variables at greater than 100 
meters from the study site. Presumably larger frogs are capable of greater dispersal 
distances or more able to withstand unfavorable conditions for longer periods of time 
while dispersing or migrating, but even the larger bodied anurans were only correlated 
with habitat variables at up to 200 meters. Leopard frogs showed a significant correlation 
with conserved freshwater ponds to 500 m, however the correlation was negative at 200 
m and positive at 500 meters. Therefore we consider correlations with conserved 
freshwater ponds greater than 100 m from the study site to be suspect and likely spurious. 
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Smaller bodied anurans included in the study (chorus frogs, American toads, treefrogs 
and cricket frogs) were only correlated with habitat variables to 100 meters.  
 The small distance may be due to the highly altered landscape in between 
wetlands, which in northwestern Iowa consists mostly of cropland that probably 
significantly impedes anuran movement between wetlands. Connectivity between habitat 
patches is critical in order to sustain anuran populations, especially when the landscape 
between wetlands is highly unfavorable. Similar changes in landscape due to urbanization 
and agriculture have taken place in Ontario, where Houlahan and Findlay (2003) found 
that effects of adjacent land use on anuran populations were strongest at 200m. 
 Species saturation, or the hypothesized asymptotic effect reflecting the increase in 
the local number of species present to the number of regional species by increasing the 
percentage of wetlands within a buffer on the number, did not seem to occur [Figure 3]. 
Although the trend was positive with the percentage of wetlands available, maximum 
diversity was attained at very low amounts of wetlands. There are a number of possible 
explanations for this. One possibility is that small, isolated wetlands concentrate anurans 
that are present (Gibbons et al. 2006, Scheffer et al. 2006). This makes it highly likely 
that an observer will hear a high number of anurans at these sites. Another possibility is 
that small, isolated wetlands may provide protection from introduced predators such as 
fish or bullfrogs. More research needs to be done to establish the factors involved in this 
result.   
 Of all the wetland types analyzed, emergent vegetation marshes had the most 
positive influence on overall anuran diversity and the abundances of chorus frogs, 
leopard frogs and American toads. Price et al. (2004) reported similar findings for 
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American toads and chorus frogs in coastal wetlands along the Great Lakes in Michigan. 
Knutson et al. (1999) also found that emergent wetlands were positively associated with 
anuran species richness and abundances of species guilds. The results from the Price et al. 
study showed that for gray treefrogs, emergent vegetation marsh (grasses/sedges) was the 
best predictor of species occurrence at 100 meters. Forest was negatively correlated with 
the gray treefrogs at 100 meters but positively correlated at 500 meters. These results 
differed slightly than our findings for gray treefrogs, since our study found a positive 
correlation with forested marsh at 100 meters. This discrepancy may be due to 
differences in classification of habitat types. Our study used the National Wetland 
Inventory to classify habitat types, so only forest that was in or near wetlands was 
included in the analysis. The Price et al. study included all forest types in their 
classification regardless of proximity to wetlands.  
 Knutson et al. (1999) found that forests were positively associated with anurans, 
but as Price et al. (2004), Knutson et al. did not distinguish forest that was within or 
alongside wetlands from other types of forest. Additionally, species in the Knutson et al. 
study were grouped into guilds, making it impossible to determine the response of 
individual species. Our analysis found that forested marshes are positively associated 
with gray treefrogs and cricket frogs, which are disappearing from the northern edges of 
their range (Lannoo et al. 1994). Cricket frogs (typically thought of as open habitat 
species) were also positively associated with freshwater ponds and may require both 
habitat types.   In any event, the relationship between cricket frogs and forested habitat 
may merit further investigation.   
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 Bullfrogs are also positively correlated with freshwater ponds and are not native 
to northern Iowa (Christiansen and Bailey 1991, Lannoo et al. 1994). Oldham (1992) 
found that cricket frog declines in Canada were a consequence of introduced bullfrogs 
and carp, which are also present in northwestern Iowa (Lannoo 1994). Besides 
competition, negative effects of introduced bullfrogs on native anurans include direct 
predation (Pearl et al. 2004) and altering tadpole behavior such that growth rate is 
consequently decreased and time to metamorphosis increased (Kiesecker and Blaustein 
1998). Freshwater ponds are also often stocked with fish which prey upon amphibians 
(Semlitsch 2000). When combined, the impact of smallmouth bass and bullfrogs on 
native anuran survival is greater than the sum of the individual effect of the predators 
(Kiesecker and Blaustein 1998). 
  Wetlands that dry periodically prevent fish and bullfrog populations from 
becoming established because bullfrog tadpoles require 2 or more years to reach 
metamorphosis.  Furthermore, this type of hydroperiod has been shown to be correlated 
with other species of anurans (e.g., Weyrauch and Grubb, 2004), and droughts in 
southeast Iowa were found to be directly related to decreased bullfrog populations 
(Christiansen and Bailey 1991). Many pothole prairie regions are collections of temporal 
pools which allow the persistence of native species (which are adapted to such conditions 
and mature quickly), while preventing the establishment of non-native species that 
require permanent bodies of water. Historic prairie pothole dynamics also included 
temporal connectivity between wetlands (Leibowitz and Vining 2003) that likely aided in 
the migration and dispersal of native anurans. Management of interconnected wetland 
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complexes should closely mimic historic dynamics. This would limit introduced 
predators and help ensure the persistence of native anuran populations.  
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Species 
Number of recorded 
observations 1991-2005 
Chorus Frog  952 
American Toad 833 
Leopard Frog 506 
Eastern Treefrog 503 
Cricket Frog 493 
Bullfrogs 384 
Cope's Treefrog 183 
Spring Peeper 101 
Pickerel Frog 9 
Green Frogs 9 
Great Plains Toad 6 
Woodhouse’s Toad 5 
Wood Frog 4 
Plains Spadefoot 0 
 
Table 1. Number of times each species was recorded as present from 1991-2005, in order 
of most frequently observed. 
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IDNR CLASSIFICATION NWI SYSTEM NWI CLASS 
Lake Lacustrine All 
River Riverine All 
Forested marsh Palustrine Forested 
Forested marsh Palustrine Scrub-Shrub 
Emergent vegetation marsh Palustrine Emergent 
Freshwater pond Palustrine Unconsolidated bottom 
Freshwater pond Palustrine Aquatic bed 
 
Table 2. IDNR classification based on NWI wetland categories. 
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100m 200m a) All 
wetlands Total 
wetlands 
Conserved 
wetlands 
Total 
wetlands 
Conserved 
wetlands 
Richness + p < 0.0001 + p < 0.0016  + p = 0.0426
Chorus frogs     
Leopard frogs + p = 0.0002 + p < 0.0004   
American toads + p = 0.0177 + p = 0.0672   
Treefrogs     
Cricket frogs     
Bullfrogs  - p = 0.0421   
 
100m 200m b) 
Emergent 
vegetation 
marshes 
Total 
emergent 
vegetation 
marsh 
Conserved 
emergent 
vegetation marsh 
Total 
emergent 
vegetation 
marsh 
Conserved 
emergent 
vegetation 
marsh 
Richness + p = 0.0067 + p = 0.0238 + p = 0.0847 + p = 0.0406
Chorus frogs + p = 0.0002 + p = 0.0006   
Leopard frogs + p = <0.0001 + p < 0.0001 + p = 0.0009 + p = 0.0001
American 
toads 
+ p = 0.0324 + p = 0.0111   
Treefrogs     
Cricket frogs     
Bullfrogs     
 
100m 200m c) Forested 
marshes Total 
forested 
marsh 
Conserved 
forested marsh 
Total 
forested 
marsh 
Conserved 
forested marsh 
Richness  - p = 0.0077   
Chorus frogs  - p = 0.0169   
Leopard frogs     
American 
toads 
- p = 0.0517 - p = 0.0371   
Treefrogs + p < 0.0001 + p = 0.0003   
Cricket frogs + p = 0.0765    
Bullfrogs     
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100m 200m 500m d) 
Freshwater 
ponds 
Total  
freshwater  
pond 
Conserved  
freshwater  
pond 
Total  
freshwater  
pond 
Conserved  
freshwater  
pond 
Total  
freshwater  
pond 
Conserved  
freshwater  
pond 
Richness + p = 0.0033 + p = 0.0967     
Chorus frogs       
Leopard frogs  + p = 0.0402  + p = 0.0561  + p = 0.0457
American toads       
Treefrogs       
Cricket frogs + p = 0.0944      
Bullfrogs + p = <0.0001 + p = 0.0100 + p = 0.0015 + p = 0.0015   
 
100m 200m e) Lakes 
Total  
lake 
Conserved  
lake 
Total  
Lake 
Conserved  
Lake 
Richness + p = 0.0019 + p = 0.0004   
Chorus frogs     
Leopard frogs + p = 0.0081 + p = 0.0014 + p = 0.0814  
American toads + p = 0.0317 + p = 0.0680   
Treefrogs     
Cricket frogs + p = 0.0116 + p = 0.0024   
Bullfrogs + p = 0.0750 + p = 0.0282   
 
100m 200m f) Rivers 
Total  
river 
Conserved  
river 
Total  
river 
Conserved  
river 
Richness - p = 0.0017 - p = 0.0749   
Chorus frogs - p = 0.0027 - p = 0.0030   
Leopard frogs - p = 0.0793    
American toads     
Treefrogs     
Cricket frogs     
Bullfrogs     
 
Table 3. Correlation results for wetlands within buffers and species richness and 
abundances for a) all wetlands regardless of type, b) emergent vegetation marshes, c) 
forested marshes, d) freshwater ponds, e) lakes and f) rivers. Conserved wetlands 
indicates the subset of wetlands within the buffers that are managed for conservation 
goals. The sign of the correlation coefficient is show by +/- symbols in the table, 
followed by the p-value of the correlation coefficient. Only coefficients with p-values of 
0.1 or lower were considered significant and are included in the table. All buffers larger 
than 500 meters had no effect, response was considered significant at p > 0.1.   
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Legend
ñDes Moines
n Ames
# Study Sites
Study Area
Ames 80km Buffer
Geologic Landforms
Des Moines Lobe
Iowan Surface
Loess Hills
Mississippi Alluvial Plain
Missouri Alluvial Plain
Northwest Iowa Plains
Paleozoic Plateau
Sioux Quartzite
Southern Iowa Drift Plain 
  
Figure 1. Study area and sites, all are within the intensely farmed Des Moines Lobe and 
Northwest Iowa Plains geologic regions or within 50 miles of Ames, Iowa. Only sites that 
were surveyed by volunteers each of the three runs periods in a given year were included 
in the analysis.  
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1000m
500m 100m 
200m 2000m
 
Figure 2. Buffer rings with buffer distances shown within each ring. Two study sites are 
shown exhibiting overlapping outer buffers. Site buffers were merged together for each 
group of sites surveyed by the same volunteer to prevent overlap in order to analyze 
responses at larger buffer distances. Crosshatch on the map identifies lands that are 
managed for conservation purposes, while solid colored polygons represent wetlands.  
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Figure 3. Species saturation, the number of species observed in relation to the percentage 
wetlands surrounding each site within a) 100 meters and b) 200 meters. Although there is 
a small, significant effect of wetland area, no asymptotic relationship is evident.  
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CHAPTER 4. GENERAL CONCLUSIONS 
 
  General findings of this research indicate that volunteer surveys in northwestern 
Iowa are precise. However, accuracy may be improved with the addition of visual 
encounter surveys to include species that may not be actively calling at the time of the 
nocturnal auditory surveys. This is especially true for larger species in the region such as 
leopard frogs and bullfrogs, which are easily observed basking in warm, shallow water 
during daylight hours and may even call more during the day than at night. Crouch and 
Paton (2002) found that bullfrogs were among species most likely to be missed by call 
surveys in Rhode Island. In addition, Solla et al. (2004) found that northern leopard frogs 
in Ontario tended to call more during the day than at night and were also most likely to be 
missed by nocturnal calling surveys. Smaller species that are more cryptic and harder to 
find during visual encounter surveys, such as gray treefrogs and chorus frogs, are 
detected more frequently by nocturnal auditory surveys than by visual encounter surveys.  
 Nature mapping training and experience level of volunteers did not affect reports 
of species composition or of abundance categories. While this may have been due to a 
small sample size, but it appears that volunteers are as reliable as highly trained biologists 
for collecting these data. Future training of volunteers should include auditory and visual 
testing to determine identification abilities and biases. Testing should also be done to 
determine hearing ability. Hemesath (1998) records one incident in which a volunteer 
reported that when he brought his wife with him to conduct the call surveys; he 
discovered that he only heard chorus frogs at very close distances.  
 Habitat use by anurans in northwestern Iowa is very limited in scale, with species 
richness and abundances only being correlated with habitat variables to 200m or less. 
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Larger bodied anurans, such as bullfrogs and leopard frogs, were correlated with 
variables to 200m, while smaller bodied anurans, such as cricket frogs, gray treefrogs, 
and chorus frogs, were only correlated with habitat variables to 100m. Larger anurans are 
likely able to travel greater distances than smaller anurans. They may also be able to 
withstand harsh conditions for longer periods of time while traveling between habitat 
patches.  
 Species richness and abundances were positively correlated most with emergent 
vegetation marshes, although forested marshes were most important to gray treefrogs and 
cricket frogs. Cricket frogs were also positively correlated with freshwater ponds, as were 
bullfrogs. Bullfrogs are a known competitor and predator on tadpoles of other species 
(Kiesecker and Blaustein 1998, Pearl et al. 2004). In Minnesota, cricket frogs are a 
species of concern.  They are also declining in the Des Moines Lobe region of Iowa 
(Lannoo 1994).  If freshwater ponds are important to the lifecycle of cricket frogs, the 
widespread introduction of foreign predators to permanent bodies of water in 
northwestern Iowa may well have played a large part in the species’ decline. 
 
FUTURE RESEARCH 
 Future research should look into the possible competitive effects of bullfrogs in 
northwestern Iowa, especially on cricket frogs. Additionally, the research presented in 
this thesis focused only on common species with enough observations for statistical 
analysis. Rarer species would benefit from further studies researching effective 
monitoring techniques and habitat requirements. The difficulty in definitively 
distinguishing between Cope’s gray treefrogs and eastern gray treefrogs indicates that 
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further investigation into the distribution, habitat use and trends of these species is 
warranted. 
 Wood frogs may be present in northwestern Iowa, but current protocol may cause 
this species to be missed by volunteers due to its very brief peak calling period when 
weather is still cold. More research could be done to determine if wood frogs are more 
widespread in northwestern Iowa than believed and also when their peak calling period 
is. Other states include a flexible fourth survey period that takes place when conditions 
are ideal for wood frogs. 
 
MANAGEMENT IMPLICATIONS AND RECOMMENDATIONS 
 While our study illustrated how reliable volunteer-collected data are, testing 
volunteers on auditory and visual identification skills, as well as testing their hearing 
abilities, would help validate the accuracy of the survey data.  Volunteers with hearing 
loss should be encouraged to find a survey partner that can go along on the surveys, or at 
least on enough surveys to compare differences in detection rates. Additionally, 
automated recording systems can be used at selected sites to determine if peak calling 
periods are being missed. This would provide feedback as to the accuracy and precision 
of volunteer surveys over time. If volunteers are precise and accurate, the sample size 
needed to determine trends in the data can be reduced. Adding visual encounter surveys 
is one way of including species that may otherwise be missed by nocturnal calling 
surveys.  
 Pickerel frogs are a species of interest in Iowa that may especially benefit by 
incorporating visual encounter surveys into current volunteer survey protocol. Crouch 
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and Paton (2002) found that pickerel frogs were one of the species most likely to be 
missed by call surveys due to the infrequent calls of this species. Call survey volunteers 
are required to obtain visual verification of pickerel frogs during nocturnal auditory 
surveys because the species’ call sounds very similar to that of the leopard frog. The 
difficulty of visual verification in the dark indicates that pickerel frogs are currently 
under sampled. Visual encounter surveys used in this study were very successful in 
locating other large-bodied ranids and may be just as effective for pickerel frogs. 
 The small spatial scale at which anurans in northwestern Iowa show correlations 
with habitat variables imply that usable wetlands should be very closely connected to one 
another. This indicates that responsible management for wetland species diversity should 
take into account complexes rather than single, large bodies of water. Fairbairn and 
Dinsmore (2001) results for birds also found that wetland complexes rather than 
individual wetlands support greater species diversity. Wetland complexes should consist 
of semi-permanent and temporal wetlands that periodically dry in order to reduce or 
eliminate introduced predators such as fish and bullfrogs. Emergent vegetation marsh is 
essential to anuran species richness and abundances. Although cricket frogs are 
traditionally thought of as open-habitat species, in our study, we found a positive 
association with forested marshes.  Perhaps forested marshes contain more of the open 
mudflats and other types of shore line that are important to this species.   We recommend 
that the relationship between cricket frogs and forested marshes be further investigated.  
Not surprisingly, treefrogs are also positively associated with forested marshes.  Thus, 
this habitat type should be given special consideration in management decisions for 
restoration or the purchase of new conservation areas.   
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